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SPECIPTPAUT^ 

CURABLE COMPOSITION AND PROCESS FOR HOLDING THE SMB 
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for the recording and reproduction of the Informations 
should be transparent end uniform and made of an extremely 
stable material. 

in consideration of the balance of the cost and 
5 the physical properties, poljmethyl mathacrylate resins 
(PUMA) end polycarbonate resins have predominantly used as 
the material* for the substrate of such photo-memory discs 
in the past. However, the substrate made of PMMA has the 
disadvantages that the heat resistance thereof is 
10 unsatisfactory and that it is high in moisture absorption 
landing to large dimensional change upon absorption of 
moisture. 

The substrate made of polycarbonate resin has poor 
moldablllty, and there is a tendency that the molecules are 
15 oriented during the molding step to give a molded product 
which exhibits a*, birefringence. In addition, the 
polycarbonate substrate is poor in heat resistant property 
not to withstand repeated irradiation with writing laser 
beams. Furthermore, the polycarbonate substrate of optical 
20 grade is molded from a polycarbonate which has a small 
molecular weight for improving the fluidity thereof at the 
molding step. As the results, the molded polycarbonate 
substrate has poor water-proof property, and the impact 
strength and the surface hardness thereof are lowered. 
25 object of this invention is to provide a 

curable composition for molding a product which is 
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transprent and has little tendency of birefringence. 

Another object of this invention is to provide a 
curable composition for molding a product which is improved 
In beat resistance and surface hardness and decreased in 
5 water absorption. 

A further object of this invention is to provide a 
curable composition for molding a product which may be used 
as a substrate for photo-memory disc. 

A further object of this invention is to provide 
10 en efficient process for molding a disc substrate from the 
curable composition of this invention. 

The curable composition, which may be used to 
attain the aforementioned objects of this invention r 
comprises a compound having at least two unsaturated 
15 cycloacetal groups per one molecule (hereinafter referred to 
briefly as "acetal compound" ), a compound having at least 
two mercapto groups per one molecule (hereinafter referred 
to bliefly as * mercapto compound"). 

The curable composition further provided in 
20 accordance with this invention comprises a Component A which 
is a compound having at least two unsaturated cycloacetal 
groups per one molecule r a Component B which is a compound 
having at least two mercapto groups per one molecule . and a 
Component C which 1b a compound selected from the group 
25 consisting of bisphenols each having at least two acryloyl 
and/or methacryloyi groups per one molecule, compounds 

3 
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each having * trlazine ring and derivatives of isocyeaurio 
acid. 

The curable, composition further provided in 
accordance with thia invention comprises a Component A vhicb 
5 is a compound having at least two unsaturated cyeloacetal 
groups per one molecule, n Component B which is a compound 
having at leest two mexeapto groups per one molecule, a 
Component C which Is a compound selected from the group 
consisting of blspbenole each having at least two acryioyl 
10 and/or methacryloyl groups per one molecule, compounds each 
having a triaslne ring and derivatives of isocyanuric acid, 
and a Component D which is selected from the group 
consisting of silicon compounds each having at least one 
mercapto grous per one molecule, ester compounds prepared by 
15 reacting straight-chain or side-chain alcohols each having 
not less than four carbon atoms with earboaylic acids each 
having at least one mercapto group per one molecule, and 
alkyi groups each having at least two acryioyl and/or 
methacryloyl groups per one molecule and substituted 
20 products thereof having substituting halogen groups. 

The present invention further provides a 
transparent substrate comprising an aluminium oxide layer 
formed on the surface of a molded product prepared by curing 
a composition including a Component A which is a compou nd 
25 having at least two unsaturated eycloaeetal groups per one 
molecule and a Component B which is a compound having at 
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least two mereapto groups per one molecule , and a 
transparent substrate comprising an aluminium oxide layer 
formed on the surface of a molded product prepared by curing 
a composition including a Component A which ie a compound 
5 having at least two unsaturated cydoaoetaj. groups per one 
molecule, a Component B which la a compound having at least 
two mereapto groups per one molecule, and a Component C 
which is selected from the group consisting of bispbenols 
each having at least two aoryloyl and/or methaoryloyl groups 
10 per one molecule, compounds each having a triazine ring and 
derivatives of isocyanuric acid. 

The present Invention also resides in a process 
for molding a curable resin comprising the steps of 
evacuating the cavity in a mold having at least a portion 
15 forming a window extending from the outside of the mold to 
the cavity and made of a material which transmits a high 
energy beam, injecting a curable composition comprised of 
the aforementioned cross -linkable Components A, B and c or 
the aforementioned cross -linkable Components h t b, c and D 
20 into the cavity, and irradiating the injected resinous 

composition with a high energy beam from the outside of the 
mold through said window to cure said resinous composition. 
The present invention further resides in a process for 
molding a curable resin comprising the steps of injecting a 
23 curable resin into a cavity in a mold having at least a 
portion made of a material which transmits a high eneregy 
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i, and I rra di a ting the curable resin with a High eneregy 
beam while moving at loast a portion of the mold to contract 
the cavity during the a tap of Irradiation with the high 
enaragy bean* 

5 Disclosure of the Invention 

The curable composition according to this 
invention will now be described in detail* 
Acetal Compound t 

The first component, the acetal compound 

10 (Component A) of the curable composition of this invention 
is an unsaturated cycloacetal compound having at least two 
unsaturated cycloacetal groups per one molecule, the 
unsaturated cycloacetal group being represented either one 
of the following formulae oft 

15 Unsaturated dioxene typei ch 2 =ch-ch ^ i or 

^O-CHj^ 
0-CH 2 

Unsaturated dioxolane typai CH,=*CH-CH j 

\ 1 
O-CH- 

Bxamples of the acetal compound which may be 
preferably used in the curable composition of this invention 
include the compounds listed in the following paragraphs (i) 
20 to (iv). 

(1) Diallylidene pentaerythritol r triallylidane 
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and mixtures thereof. 

(H) Reaction products of monoellylidene 

triisethylolpropane and/or n*»oallyiidene trWbylolethane 
with an laooyanate compound such as tolylenediieoeyanate. 
polyaXkyleneallyllBccyanate, metl^heoyienediiaocyanate, 
xylylenedii B oeyanate, hexsinothyienedllnocyaiiate and 
lsophcroaedlieecyanate . 

Cii±> Bsterizled products of monoallyiidene 
trimethylolpropane and/or monoallyiidene trimethyiolethane 
vita an acid anhydride such as succinic- anhydride, maleie 
anhydride, Itaconlc anhydride, phthelic anhydride, 
tetrahydrophthalic anhydride and hexahydropbthalic 
anhydride. 

" (iv) Conpoo^ prepared by reacting ceteriified producte 

of monoallyiidene trimethylolpropeue and/or »onoaHyiid ane 
trlmethyiolethane esterified by an acid anhydride w± th an 
apaxy compos such a. a po ly f optional glycidyl ether typo 
•poxy compound or a glycidyl ester type epoxy compound 
10 derlvad frotn Phthalic acid or adipic acid. 
Mercapto Compound Used so the Component B, 

The mercapto compound which is used as the second 
component of the curable composition of this invention is an 
aliphatic or aromatic polymercaptan having at least two 
5 nareapto groups per one molecule. 

Examples of the mercapto compound which may be 
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used In the composition of tills Invention Include those 

listed in the following paragraphs (1) to (v)» 

(1J Dipentenedlmereaptan , e thylhexyldlmercaptan , 

5 (11) Ester expounds prepared by reacting neruapto 

compounds having carboxyl groups with polyhydric alcohols ♦ 
Examples of marcapto confound having a carboxyl group 
incl u de thioglycol 11c acid, P -roexcaptoprop Ionic acid and 
mercaptoftucclnic acid* Examples of polyhydrlc ^mh ol 
10 Include pentaezythritol, dipentaerythritol, 
trine thylolpropane and triinethylolethane. 
(Ill) Compounds each having a hydrogen group on the 
carbon atom at the p -position relative to the mercapto 
group * 

15 (iv) Compounds prepared by reacting epoxy resins with 

hydrogen sulfide* 

(v) Compounds prepared by reacting epoxy resins with 

thloglycolllc acid. 

Compound Having Reactive Unsaturated Groups and Used as the 

20 Component C* 

The Compound (c) having reactive unsaturated bonds 
and used as the third component In a preferred embodiment of 
the curable composition of thin invention is a compound 
having at least two reactive unsaturated groups per one 

25 molecule f and may be any of a variety of compounds as far as 
it is copolymer liable with and uniformly mixed with the 

8-^ 
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is 



aforementioned acetal expound (A > and the mercapto compound 



(B). 



20 



Example* of such compounds are bisphenols (c-lj. 
tri**ine compounds (c-2>, derivatives of isocyenuxic acid' 
(C-3> and other compounds (C-4). Amongst theae compounds, 
bisphenols (*-!,, tr ia *ine compound, (C -2) and derivatives 
of isocyanuric acid (C-3, are effective since they Improve 
the neat resistance of the curable condition to which they 
are added. 

These compounds will new be described hereinbelow. 
Blftphenols (C-l)» 

Bisphenols (C-l, which may be preferably used as 
the third component having reactive unsaturated bonds in the 
present invention are bisphenols each having at least two 
acryloyl and/or methacryloyl group, per one molQCUlG< 

The bisphenols (C -1) which may be preferably used 
in the composition of this invention have the structures 
represented by the following general formula (1) of, 
<Vn, -*'<Vn 4 (1) 

•herein ^ and ^ are integers of from 1 to 3. and 
X is a group represented by the following structural 
formulae oft 

-@- y -®- . -<§>- 
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CH3 « 



CH3 

CI CH3 JCl 




Br >™ Br , 

wherein Y is a group represented by the folloving 
structural formulae of: 



CH3 CHs ch 3 

-C — O-fe— CH — -CHZ— -C — 

/Nt k_ - el 



CH3 



CH3 



9 ~yCH2CH3 CH3 



-S- 

6 



-CH- CH3 j<CH3 

CH3 CH 3 f CH3^ CH 

' CH3 CH3 

The groups R l and ^ have the structures 
represented by the following genral formula of s 

?♦ 

I 2 * II 2 

wherein R 3 and R 4 each standa for hydrogen, 
methyl, ethyl or substututsd groups thereof substituted with 
halogen atoms; and m is an integer of 0 to 6. 
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Bach of the aforementioned compounds may be used 

Bl " 9ly 01 * •** one or mora other compounds, 

friarine Compound (C-2)j 

The trlaxine compound (C-2) which may be 
5 preferably used In the composition of this invention ia a 
compound having at least one triasine ring and at least two 
-oryloyl end/or «eth«exyioyl groups per one molecule and 
bning replanted by the general formula (2,. or an oligomer 
thereof which is linked by formalin, a polyhydric alcohol or 
10 ethylene oxide. 



To l 
z 



12) 



IS 



-n-reln X, y and 1 each stands tor hydrogen, an 
Hcyl group, an alkoxy group or a modified alkoxy 
Sreup modified with mathacrylic acid or acrylic 
«cid. or a group represented by , N -~CH 2 -OR s 



CM 2 -OR 6 



(wherein and R, each etende for hydrogen, an 
aliphatic alky! g^op euch as methyl, ethyl or 
Propyl, bensyl group er a gw>w ^ 

-(CHj-CHj-a^-c^c-^ where n - 0 to 4 and X' is 
X' 

hydrogen or an alkyl group). 
Typical examples of the trlasina compound < C -2) 

11 
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ere as follows . 

(1) N. Kt ^^(^*h)«cnrloylojsymethyl-M,N' # N»,M»-t»trakla- 
ntefcbojcyinethylraelaiiin© 

N,N« ,N« ,N'-t©traJt4»Cinath)acloyloacyinttthyl-M' ,N" »- 
5 blsetboxyme thy lata lamine 

(2) N , N. N » , N • , n- f N--hexakis ( 2-(raoth)acryloylethoxyaocy- 
methyljmelamine 

(3) 2,4-bia{ (K.K-bl8(2-C2-(ineth)aciTloyl«eyeth€«y)otno^w 
methyl) ) amino ) -6-othoxy-l,3-5-triazlne 

10 (4 J 2 , 4-bia (p~ ( 2-(n»tli)acryloyloxyatJioxy JphenyXojcyj-s- 

(N,N-bls( 2-( 2- (meth ) acjcyloyloxyothoxy ) e thoxyraetliyl) )emlno) 
-1 ,3.5-trlazlne 

(5) 2, 2-bis(N,N f ,N"-trl«^letllaxymat^iyl-N , ,N"-(2-(metn}- 
acryloyloxyothajry Jnethyljmaleinrloxy ) pbenyX ) propane 
15 Rumples of polybydrle alcohols which may ho used la 
origomeri*ation are ethylene glycol, diethyiene glycol, 
propylene glycol, 1,3-butanedlol, 1,6-hexaaediol, 
hydrogenated blspheaol-A, trlmethylolpropane, 
pentaerythritol, ethylene oxide adducts of phthallc sold, 
20 iflophthalic acid and terephthallc acid. 

It suffices that each molecule has two or more 
functional groups per one triazino ring, and It is desirable 
that A to 6 functional groups per one Intramolecular 
tries ioe ring are Included In consideration of the balance 
25 between the water-absorbing effect due to the formation of 
ester bonds and the improvement in heat resistance due to 
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increase ia cross-linking bonds. 
Derivatives of Isocyanurlc Acid (C-3)t 

Derivatives of isocyanurlc acid which may be 
preferably used as the third component of the curable 
5 composition of this invention as the compounds having 
reactive unsaturated bonds axe the derivatives of 
ieocyanuric acid each having at least two acryloyl and/or 
methacryloyl groups per one molecule. 

Such derivatives of Isocyanurlc acid may be 
10 prepared as follows. 

11) Adducts of isocyanurlc acid added with ethylene 

oxide or propylene oxide are reacted with acrylic acid 
and /or methacrylic acid . 

(2) isocyanurlc acid is added with epichlorohydrin and 
15 then hydrogen chloride is removed from the adduct. The thus 

obtained product is reacted with a polyhydric alcohol, such 
as ethylene glycol, propylene glycol or glycerin, and then 
reacted with acrylio acid and/or methacrylic acid. 

(3) Isocyanurlc acid is reacted with 

20 ethylenechlorohydrla and allyi chloride, and the thus 
obtained reaction product is reacted with acrylic acid 
ana/or methacrylic acid. 

(4) Isocyanurlc acid is added with ethylene oxide to 
obtain an adduct which is reacted with glycidyl acrylate 

25 and/or glycidyl methacrylate. 

(5) ieocyanuric acid is reacted with cbloroacetoamide. 
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and then reacted with formalin to introduce methylol groups 
whi«h are reacted with acrylic acid end/or methaeryiic acid. 

(6) The reaction product of isocyanuric acid and 

aerylamide is oxymethylated and .the thus obtained 

5 oxymethylation product la reacted with acrylic acid and/or 
methaerylic acid. 

(7) A portion of aeryloyl or Jnothaeryloyl group* of 
any of the reaction products set forth la (i) to (6) Is 
substituted by saturated acyl groups to obtain 

10 compounds . 



20 



Any of the compounds set forth above may be used 
singly or In combination. 

Typical examples of derivatives of lsocyanurlc 
acid will be set forth berelabelow. 
15 ?rls(2-acxyloyloxyethyl) isocyanurate, 

Tria ( 2-mo thacryloyloxyo thyl ) Isocyanurate, 
Di(2^oxyloyloxyethyl)-2-hydroxyethyl isocyanurate, 
Di( 2^ethacryloyloxyethyl ) -2-hyaroxyethyl isocyanurate, 
Dl ( 2-acryloyloayethyl ) -2-ace toxyetfcyl isocyanurate, 
Oi(2-^thacryloylo X yethyl)-2^etoxyethyl isocyanurate, 
Di(2-acryloyloxyethyl)-allyi isocyanurate, 
Oif2^thacryloyloxyethyl)-allyi Isocyanurate. 

It suffices that the compound has two or more 
aeryloyl and/or methacryloyl groups per one molecule. 

25 

Tno following compounds are the examples of the 
compound having reactive unsaturated bonds, which may be 
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"»e* a. the third exponent thlfl iOYMtlOT- 

1. a«M<w or -eth^ryloyl eowouod.. the Bpacmo 
examples beingi 

Ethylaneglycol diCnattOacrylata, 
Diathylenegiycol di(meth)acrylate, 
TrlatAylenogiycoi d±(« et h)acrylate, 
Polyethyleneglycol difmeth)a«yiate, 
P^opyloneglycol di( a »th)ac=ry 1 ata l 
Polypropyieneglycol di<n»eth>ecryl*te, 
Butylenegiycol di<»etli)acrylate, 
Trimetftylolpropane tri(neth)aorylate, 
Pentaerythxitol tei( n ath)a«y 1 ate, 
Dlslycldylbispaenoi^ dlC-athjacrylate, 
Pentaerythritol tetxamethacryiate, and 
Blaphenol^A •PO*ydi n »thacrylate . 
2. Vlayi compounds a«ch ae divinyx^^ and divlnyi 
adlpata. 

3- Diaiiyi phthalato, 
niallyl succinate, 
20 Olallyl adlpatei 

Trlallyi laoeyanurate, 
diglyeolblaallyi carbonate, 
Diaiiyi maleata, and 
Olallyl ftanarate 

" ith « 

15 
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of optional additives are Initiators, photo-nans! timers , 
antioxidants, thermal stabilizers, releasing agents, dyes, 
antistatic agents, blurring prevention agents, surface 
active agents, labelling agents, polymerisation modulators 
5 and ultraviolet ray- absorbing agents* 

The mixing ratio of the components vUl now be 

described. 

It Is desirous that the equivalent ratio of acetal 
compound (A) to mercapto compound should be in the range of 

0 1 i 1 to 0,5. Zf the mixing ratio of acetal compound (A) Is 
too large, the time required for curing is prolonged and 
there arises the tendency that an- uneven molded product is 
formed. When the mixing ratio of mercapto compound (B) Is 
extremely large, the resultant molded product has an 

5 unpleasant ordor or the properties of the molded product are 
deteriorated, for example, the hardness thereof is lowered. 
In order to obtain a curable resin composition, the sum of 
the number of unsaturated cycloacetal groups contained in 
one molecule of the acetal compound (A) and the msaber of 

> mercapto groups contained In one molecule of the Asroapto 
compound (B) should be not leas than 4, preferably not less 
than 5. 

If the mixing ratio of the third component (C) 
having reactive unsaturated bonds relative to the acetal 
compound [A] and the mercapto compound (B) is too large, the 
hardness of the resultant molded product becomes too high so 

16 
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that the molded product becomes brittle. On the contrary, 
if the content of the third component is too snail, the heat 
resistance of the molded product cannot reach the desired 
lebel. For these reasons, it is desirous that 0.2 to 6.3 
equivalents, more preferably 0.5 to 5.4 equivalents, of 
component (cj are used per one equivalent of acetal compound 



(A). 



When a blsphenol system compound is used as the 
third component having unsaturated bonds, it is desirous 
10 that the mixing ratio, in equivalent ratio, of acetal 
COTpound < A > * niercapto compound (B) , bisphenol system 
compound (c-1) is in the range of 1 , 0.25 to 1.5 . 0.1 to 
10. If the mixed amount of bisphenol system compound (C-1) 
is too small, the resultant molded product has poor neat 
15 resistance so that it tends to be warped during the step of 
forming a substrate for recording medium. On the contrary, 
if the amount of bisphenol system compound (C-1) is too 
large, the cured product becomes brittle. On the other 
hand, when a triasine compound (C-2) is used in an excess 
20 mixing rati*, the hardness of the resultant molded product 
becomes too high leading to the result that the molded 
product becomes brittle. On the contrary, if the amount of 
the triasine compound is toe small, the heat resistance of 
the resultant molded product cannot reach the desired lebel. 
25 it is desirous that 0.2 to 6.3 parts by weignt of triasine 
compound (c-2) is used per one equivalent of the acetal 
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compound (A) - 

If a derivative of laocyanuric acid (C-3J is used 
in an excess nixing ratio , the resultant molded product 
becomes too high in hardness and becomes brittle. On the 
S contrary, if the mixing ratio thereof Is too small , the heat 
resistance of the resultant molded product cannot reach the 
desired label. Accordingly, it is desirous that 0.2 to 6.3 
parts by weight of a derivative of isocyanuric acid (C-3) is 
used per one equivalent of the acetal compound (A). 

10 As described hereinbefore p a reactive unsaturated 

compound may be added to the curable composition of the 
invention to lower the viscosity of the mixture for the 
Improvement of workability and to facilitate complete curing 
of the rr*l iWI product* An example of such additive is 

15 ethyleneglycol diacrylate. Hot more than 4 equivalents, 
preferably about 0*1 to 4 equivalents, of a reactive 
unsaturated compound may be added to one equivalent of the 
mixture of the acetal compound (A), the mercapto compound 
(B] and the compound (C) having reactive unsaturated bonds* 

20 xf the added amount of reactive unsaturated compound is too 
large, the resultant molded product becomes brittle so that 
it in apt to be broken into pieces even by a small scratch. 

The curable composition of the invention 
comprising an acetal compound (A) acting as the first 

25 component , a mercapto compound (BJ acting as the second 

component and a compound (C) acting as the third component, 

16 
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may be added with a component (D) for improving the 
releaseablli.tr of the molded product- Examples of the 
compound which nay be used as the component (D) are silicone 
compounds each having at least one mercapto group per one 
molecule and/or ester compounds which are the reaction 
products of oarboxyllc acids each having at leaet one 
mercapto group per one molecule and straight-chain or 
side-chain alcohols each having four or more carbon at om s i 
and compounds each having at leaet two methacryloyl and/ox 
acryloyl groups per one molecule and an alkyl group having a 
or more carbon atoms or substituted products thereof 
substituted with halogen atoms. 

The silicone compounds each having at least one 
mercapto group per one molecule and/or eater compounds which 
are the reaction products of carboxylio acids each having at 
least one mercapto group per one molecule and straight-chain 
or side-chain alcohols each having four or more carbon 
atoms, both being used as the component (D), are represented 
by the following structural formulae (3), (4) and (5). 



20 
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(or*;* 



(41 



In the above formulae, 1 la an Integer of o to' 8; 
end k and ± axe lntegars of 0 to 3 end k + J > 3. R 7 and R 8 
ara alky! groups , such as methyl or ethyl. Typical 
5 compounds represented by the formula (31 are silicone 
compounds modified with mercapto as represented by the 
following formulae oft 

HS(CH 2 ) 3 -Si-(OMsl 3 
HS(CH 2 ) 3 -Si-(QMe) 2 
Me 

10 HfiCCHjJg-Si^QMeJ^ 

of ester compound are represented by the 



following general formula (51 of s 

*S-VX 2 ) u -C-OB. (5) 
o 

m the formula (51 R is a straight-chain or 
15 eide-ehain alkyl group having 3 to 10 carbon atoms , and n la 
an integer of 1 to 5. If the alkyl group has less than 3 
carbon atoms, the resultant mixture has not the desired 
releasing property. Typical examples of the usable ester 
compound are Z-ethylhexyl thioglycolate, pentyl 
20 thioglycolate, 2-etbylhexyl F-mercaptobutylate, and isoamyl 
y-mercaptobutylate . 



20 
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It is preferred that a carboxylic acid ester 
having a mereapto group, which acts as the component (D), is 
preliminarily addition-polymerized with a compound (c) 
hairing reactive unsaturated bonds ♦ By such a preliminary 
S addition polymerisation, the bleeding of car boxy lie acid 
ester from the cured composition can be prevented to obtain 
a transparent molded resin which has extremely good 
releasing property. 

In molding of a blend composition containing a 

10 heat-res is tan t monomer f such as bis phenol, a compound having 
triazine ring or a derivative of isocyanuric acid, it is 
generally necessitated to use a releasing agent since the 
releasing property of the blend composition becomes poorer 
by the blending of such a heat-resistant monomer. In 

15 contrast thereto, when a carboxylic acid ester having 
mereapto group, which acts as a releasing component, is 
combined with the monomer of the third component (C) prior 
to the polymerization step, the blended composition exhibits 
superior releasing property without bleeding of the 

20 releasing component after the molding step. 

The preliminary polymerization of a carboxylic 
acid ester having reactive unsaturated bonds with the 
compound (C) may be completed at 45 to 35 "C for 10 minutes 
to an hour. If the polymerization is carried out at a 

25 temperature higher than the aforementioned range, 

polymerization proceeds excessively so that the reaction 

21 
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roiaeture loses Its- fluidity* wkareas the polymerization is 
car ried out at a temperature lover than th» aforementioned 
range, the polymerisation degree does not reach the 
sufficient label leading to the result that the molded 
5 product la yellowished considerably due to the presence of 
residual mercapto groups* 

Tfhfl curable composition of the invention may be 
improved in releasing property when It is added, as the 
component (D), with a compound having at least two acryloyl 
10 and /or mathacryloyl groups per: one molecule and having an 
alley X gxoup having 8 or more carbon atoms or a substituted 
product thereof having a substituting halogen atom. Typical 
examples of such compound are those listed In (X) and (II) 
below. 

15 (i) Trihydrlc or polyhydric alcohols, such as 

glycerin, trimethylolpropane and pen taerythrit ol j acrylic 
acid, methacryllc acid and/or acid chlorides thereof . 
(XI) Octyllc acid, nonanole acid, decanolc acid, 

hedtadecanoic acid, stearic acid and/or a c id chlorides 

2Q thereof- 

Other usabJ e compounds are those Introduced with 
acryloyl, mathacryloyl or alkyl groups to the reactive 
groups of amino, H-methylol or active halogen groups* 
Molding Step i 

25 a disc substrate for information recording discs 

22 
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may be manufactured by molding the curable composition of 
this invention through a casting process. Information 
recording Bites of concave or convex shape, for example 
information pits (or projections) or tracking groove a , are 
S formed on a glass or metal plate by the photo-resist method, 
and a mold (stamper) for molding a polyester is reproduced 
therefrom, followed by ooating a thin metal film on the 
surface of the stamper to obtain a mold* The mold is filled 
with the composition of this invention , which is of liquid 

10 form at normal temperature or at a temperature lower than a 
certain temperature , for example lower than 100 *C, by 
casting the composition into the mold, and then the 
composition is cured by heating or by being irradiated with 
a high energy beam. After the completion of owing, the 

15 cured product is removed from the mold to obtain a disc 
substrate. The fine concave and convex pattern is 
transferred to the surface of the disc surface. As an 
alternative process, the curable composition of this 
invention may be cast in-between two glass plates each 

20 having a concave and convex pattern, followed by irradiation 
with a high energy beam through the glass plate to cure the 
composition, and the cured product is removed from the glass 
plates to obtain a substrate. 

25 Price to the step of curing the curable 

composition of thin invention, the aoetal compound (A), the 

23 
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mercapto compound (B) and the compound (C) having reactive 
unsaturated bonds are mixed together in a predetermined 
mixing ratio to obtain a uniform mixture # The mixture ie 
east into a mold having a predetermined contour and made of 
5 a glass , ceramics, plactlca or rubber material, and then 
cured by any one of the following curing steps. 

(1) Curing by irradiation with High Energy Beam* 

This method includes the step of curing the 
curable composition by irradiating the same with an active 
10 energy beam, such as If-ray, X-ray r ultraviolet (UV) ray or 
electron beam. The irradiation energy of the high energy 
beam ranges, in general, from not leas than 0.01 J /cm 2 to 

2 2 

not more than 500 J/an # preferably from 0.1 to 100 J /cm * 
Xf the irradiated energy la leas than 0.01 J/ cm 2 , curing of 

13 the composition ie Incomplete* On the contrary, If the 

irradiated energy exceeds 500 J/cm , a portion of the cured 
product is deteriorated and colored to make it impossible to 
form a satisfactory information recording disc. 

The time requixed for curing can be shortened by 

20 the utilization of this method. Irradiation of the high 
energy beam may be effected at two or more times or may be 
effected at one time. A photo-sens it ixer or stabilizer may 
be added to the curable composition, If necessary. 

(2) Curing by Heating t 

25 The parameters for curing the curable composition 

of this Invention are varied depending on the heating 

24 
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temperature, preaauce or absence of a polymerisation 
initiator and the specific kind and amount of the used 
polymerization initiator. The heating temperature ranges 
generally from the room temperature to 300 *C, preferably 
5 from 50 to 130 *C. If the temperature le below the room 
temperature # the time required for curing is prolonged to 
reduce the production efficiency. On the contrary, if the 
composition is heated to a temperature of higher than 300 *C, 
the cured product is adversely affected by heating* The 

10 heating time is varied depending on the heating temperature m 
presence or absence of a polymerization initiator and the 
specific kind and amount of the used polymerization 
initiator, and ranges generally from 0.1 to 100 hours, 
preferably from 1 to 20 hours. 

15 If an excessively large quantity of a 

polymerization initiator is used, the resultant cured 
product is colored or becomes brittle. Accordingly v in 
consideration of the balance of the production efficiency 
and the properties of the resultant cured product, it is 

20 recommended to use not more than 10 parts by weight, 
preferably not more than 5 parts by weight, of a 
polymerization initiator is added to 100 parts by weight of 
the curable composition of this invention. 

The step of irradiating with a high energy beam 

25 and the heating step may be combined. 
(3) Reaction Injection Moldings 

25 
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The curable composition of tills invention may be 
cure* by a process comprising the steps of evacuating the 
cavity in a moid having a window portion extending from the 
outside of the mold to the cavity and made of a material 
which transmits a high energy beam, injecting the curable 
composition of this Invention Into the mold, and irradiating 
the injected curable composition with a high energy beam 
from the outside of the window portion of the mold to cure 
the curable composition • 

In the reaction Injection molding process for 
molding the curable composition of this invention comprising 
the steps of injecting a curable composition into the cavity 
in a mold having at least a portion made of a material which 
transmits a high energy beam, and irradiating the curable 
composition with a high energy beam through the mold, it is 
preferred to provide means for retracting a portion of t he 
mold to contract the cavity of the mold during the step of 
irradiating with a high energy beam, according to a further 
aspect of this invention. 

An injection molding process has hitherto been 
known for molding a compact disc, and polycarbonate and 
polymethyl methacrylata are molded by this known process. 
However, since a highly viscous molten mass of a resin is 
injected into the cavity at a high pressure in this known 
injection molding process, a large shearing stress is 
applied on the injected resin during the injecting step, 

26 
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loading to orientation of molecules to araise significant 
optical anisotropy in the molded disc. For this reason, if 
a disc for recording informations by optical means is molded 
by the conventional injection molding process, there is a 
5 risk that errors are often resulted in reproduction of the 
stored informations. The injection molding process has 
another disadvantage that the stamper attached over the 
surface of the cavity in the mold is abrased rapidly to 
shorten the lifetime of the stamper. 
0 If the conventional injection molding process is 

employed, it is necessary to use a resin having a melting 
point as low as possible in order that the optical 
anieotropy or warping due to shrinkage at the molding step 
is obviated. For this reason, the heat resistance of the 
5 thus produced disc cannot be Improved to a satisfactory 
level. As a consequence, if a large output semiconductor 
laser is used to increase the recording and reproduction 
speed of informations, the grooves for tracking or pits are 
apt to be fused to erase the informations. The insufficient 
» heat resistance thus impedes high speed read-out operation. 

The so-called 2p (photo polymer) method is known, 
wherein a transparent substrate made of a glass is placed in 
face to face relationship with a stamper, a curable resin 
which may be cured by irradiation with an ultraviolet ray is 
cast in-between the stamper and the substrate, the resin is 
then irradiated with an ultraviolet ray through the 

27 
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substrate while compressing the substrate against the 
stamper, and thereafter the stamper is peeled off to form a 
disc including a substrate layer and a pit layer on which 
the pits are transferred ♦ In this known 2p method, an 
5 expensive optical grade glass must be used as the 

transparent substrate to result in increase in production 
coot of the finished disc* Moreover, the curable resin 
often swallows air bubbles up during the step of casting the 
resin in-between the stamper and the substrate, and the thus 
0 swallowed air bubbles might induce errors In writing 
operation. The disc produced by this known method has a 
disadvantage that the pit layer is apt to be peeled off from 
the transparent glass substrate due to the temperature 
change since the thermal expansion coefficient of the glass 
S aa* that of the cured resin is different from each other to 
require prudent handling. 

The aforementioned disadvantages of the 
conventional processes may be overcome* by the reaction 
injection molding process, according to this invention , to 
J form a substrate at good production efficiency. 

An embodiment of the mold and molding apparatus 
for molding a photo -information recording disc, according to, 
this invention, will now be described. 

Fig. lj shows a mold to be assembled with a molding 
' apparatus and used in the reaction injection molding 

process t Pig. 2 is an enlarged view showing schematically a 

28 
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portion of the mold} and Fig. 3 is a view showing a molding 
apparatus • 

A mold 1 comprises an upper mold 2 and a lower 
mold 3, a cavity 4 being formed between the upper mold 2 and 
S the lower mold 3, The upper mold 2 includes a mounting 

plate 2a, an intermediate plate 2b and a mold plate 2c. The 
upper mold 2 la provided with a window 5 through which an 
ultraviolet ray used as the high energy beam transmits as 
will be described hereinafter, 
10 The window 5 comprises a first quarz glass plate 

5a grasped by the mounting plate 2a and the intermediate 
plate 2b r and a second guars glass plate 5b grasped by the 
intermediate plate 2b and the mold plate 2c # a cooling 
chamber 5c being formed between the first and second guars 
IS glass Sa and 5b for flowing therethrough a cooling medium 
for cooling the mold 1. The cooling chamber 5c communicates 
with cooling medium passages 6, 6. A cooling medium which 
does not hinder transmission of a high energy beam, which 
will be described hereinafter, ia flown through the cooling 
20 chamber 3c. The cooling chamber 5e is held liquid tight by 
means of packings 7, 7 disposed on both sides of the 
intermediate plate 2b to engage with the first and second 
guars glass plates 5a, 5b* 

The lower mold comprises « mounting plate 3a, a 
25 receiver plate 3b and a mold plate 3c. The cavity 4 is 

defined between the guars glass plate 5b and the mold plate 

29 
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3c. 

h nozzle 8 extends' through the lower mold 3 to 
open to the center of the cavity 4. A stamper 9 Is held and 
fixed by an annular stamper fixing frame 10 to form a cavity 
5 surface 4a on the mold plate 3c. The a tamper fixing f rame 
10 la secured to a sprue bush 11 which 1b fitted On the 
nozzle 8- The stamper fixing frame 10 and the sprue bush 11 
are fixedly secured to the lower mold 3 by means of a screw 
12. 

10 The mold 1 has a special structure for contracting 

the cavity 4 during the molding step. As shown In Fig. 2 
which is an., enlarged view of the portion denoted by A in 
Fig. 1, the lower face of the second guarz glass plate 5b 
extends beyond the lower face of the mold plate 2c. The 

15 mold plate 3c of the lower mold 3 is provided with an 

concaved portion 21 to form the cavity 4 , and has a bottom 
face over which the stamper 9 la attached. A ring member 22 
is inserted In the concaved portion 21 of the mold plate 3c 
and has an inner periphery which engages llguid-tlghtly and 

20 alidlngly with ^he peripheral surface of the guars glass 
plate 5b extending from the upper mold 2. The marginal 
portion along the periphery of the stamper 9 is fixed by the 
ring member 22. The thickness of the ring member 22 is 
greater than the thickness of the finished molded product. 

25 packings 13, 14 are used to held the cavity liquid-tight. 

For this purpose, o-rlngs or Teflon seal rings may be used. , 

30 
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The exposed surface of the stamper fixing frame 10 is 
■ epplied with a surface treatment, for example Teflon 

coating, to ensure air-tightness of the cavity 4. Air in 
the cavity 4 nay be evacuated through the air discharge 
5 passage 15 extending through the lower mold 3. 

The air discharge passage 15 is formed by a bore 
15a extending through the sprue bush 11, and the gap 15b 
between the sprue bush 11 and the stamper fixing frame 10. 
The gap 15b is of the else to permit passage of gases but to 
10 prevent passage of the resin east Into the cavity 4. 

Pig. 3 shows an embodiment of the molding 
apparatus. The illustrated molding apparatus comprises a 
high energy beam irradiating device 31. a mold clamping 
mechanism 32, an injection mechanism and a temperature 
15 adjusting mechanism (not shown). 

The high energy beam irradiating device 31 may be 
assembled with a reflector (not shown) for uniformalize the 
orientation and distribution of the beam. The conditions 
for irradiation is controlled by a control unit 33 of the 
20 iradiating device. The mold clamping mechanism 32 comprises 
an upper plate 32a on which the upper mold 22 is mounted, a 
lower plate 32b on which the lower mold 3 ±s mounted, and « 
driving unit 32c for moving the lower plate 32b in the 
vertical direction. The clamping mechanism 32 of the 
25 molding apparatus is further provided with an air cylinder 
35 beneath the lower plate 2b to be actuated to contract the 
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cavity 4 of tha mold 1. The nozzle 8 of the mold 1 
commuo icates vlth an Injection system 26 through a hose, and 
tha air discharge passage 15 of tha mold X is connected to a 
vacuum pump 25* The vacuum pump Is actuated to discharge 
5 air In the cavity* preparatory to molding, the upper mold 2 
of the mold 1 is mounted on the upper plate 32a of tha 
molding apparatus, and the lower mold 3 Is mounted on the 
lover plate 32b. At tha initial stage (shown in pig. 2), 
the upper and lower mold* 2, 3 are closed so that a gap Is 

10 left between the mold plate 2c of the upper mold 2 and the 
mold plate 3c of the lower mold 3 and so that the second 
guars glass plate 5b of the upper mold 2 is inserted In the 
ring member *22 of the lower mold at soma extent* Under this 
condition, air in the- cavity Is discharged through tha air 

15 dlscabrge passage 15. 

Xt Is desirous that the air pressure in the cavity 
4 Is not higher than 1 Torr. If the air pressure in the 
cavity 4 is higher than 1 Torr, there is a risk that a disc 
containing air bubbles la formed leading to low yield. 

20 After the completion of evacuation of the cavity 4 C a 

curable composition is injected through the nozzle 8 into 
the cavity 4 by the injection means 26 of the molding 
apparatus* The curable composition, according to the 
present invention, which la cured by cross -linking when 

25 irradiated with a high energy beam is used as the injected 
curable composition. The composition Is fully de foamed 
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prior to injection. 

After the completion of injecting a predetermined 
amount of the curable composition into the cavity 4 of the 
mold 1, the beam radiating device 31 of the molding 
5 apparatus is actuated so that the curable composition in the 
cavity 4 is irradiated with a high energy beam through the 
window portion S of the mold 1 . 

The clamping mechanism 32 of the molding apparatus 
ia actuated to open the mold 1 so that the cured curable 
10 composition which has been cured by irradiation with a high 
energy beam ia removed from the mold 1 to obtain a molded 
disc. The thus prepared disc has a surface on which the 
pits formed on. the cavity surface 4a of the stamper 9 
attached to the mold 1 are transferred . 
15 Discs are successively produced by repeating the 

aforementioned operations. 

According to a further aspect of this invention, a 
portion of the mold is moved to contract the cavity during 
the curing step in the injection molding process , wherein a 
20 liquid composition is injected into the mold followed by 
curing reaction, so as to prevent the phenomenon that a 
surface portion of the molded product is sunX (formation of 
sink mark) due to shrinkage of the injected composition by 
the curing reaction. Contraction of the cavity 4 i B 
!5 effected by moving the upper mold 2 and the lower mold 3 
closer to one another. For this purpose, the mold clamping 

33 
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mechanism 32 of the molding apparatus is provided with an 
air cylinder disponed beneath the lower mold for contracting 
the cavity in the mold 1 « 

In the improved molding process described above, 
5 the cavity 4 is contracted by biasing the lower mold 3 
toward the upper mold 2 to move the former closer to the 
latter by applying a certain pressure through the air 
cylinder. 

Although it has been described that the window 

10 portion 3 of the mold Is mode of quartz glass, it may be 
made of a material which transmits a high energy beam, the 
specific examples being optical grade glass and salt 
crystals. The window may be formed of a thin metal plate 
when the used high energy beam is J" -ray, 

15 The substrate made of a transparent resin is 

covered by a recording medium layer to obtain a photo-memory 
disc. The adhesiveness between the recording medium layer 
and the transparent resin is lowered with the lapse of time 
to arise a risk that the recording medium layer is readily 

20 separated from the substrata* In order to prevent 

separation or peeling off of the recording medium layer f an 
aluminium oxide layer having a thickness of 80 am to 10000 
nm is formed over the surface of the molded product prepared 
by curing the curable composition of this invention, 

25 'TOe aluminiun oxide layer may be formed on the 

surface of the molded product by' the vacuum deposition 

34 
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method, sputtering method or ion plating method. The 
aluminium oxide layer has a fair affinity with the cured 
composition prepared in accordance vith the present 
invention* The aluminium oxide layer is adapted to be 

5 closely adhered with the recording medium layer disposed on 
the transparent cured composition. The substrate made of 
the transparent cured composition prepared by this invention 
can thus united closely with the recording medium layer. 
The thus produced photo-memory disc is durable for a long 

0 use time without suffering from separation of the aluminium 
oxide layer. 

The curable composition off this invention provides 
a cured product having superior properties as the effect of 
complementary functions of individual components contained 

5 therein, in detail m the combination of the acetal compound 
(A) and the mercapto compound (8) provides a cured product 
which has good operationability and excellent water-proof 
property. The cured product molded from the curable 
composition comprised of the acatal compound (A) , the 

) mercapto compound (B) and the compound (C) having reactive 
unsaturated bonds and selected from the group consisting of 
bisphenols. compounds having trlazine rings and derivatives 
of iaocyanuric acid has Improved properties superior over 
the properties expected by the use of other compositions. 
Brief Description of the Drawings 
Pig- 1 is a diagrammatical sectional view showing 

35 
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a mold which is used for reaction Injection molding of the 
curable composition of this invention? 

Fig* 2 is an enlarged sectional view showing a 
portion of the mold shown in Fig* If 
5 Fig* 3 is a view showing a reaction injection 

molding apparatus which may be used to mold a photo 
information recording disc from the curable compoeitixi of 
this invent ion 7 and 

Fig. 4 is a view showng the structures of 
10 composite films* 

Best Mode for Practice of the Invention 
Che curable composition and process for molding 
the same, according to the present invention, will now be 
described more in detail with reference to specific examples 
thereof* Bach of the disc prepared in the following 
Examples has an outer diameter of 120 ram, an inner diameter 
of 15 m and a thickness of 1.2 ran* The properties of the 
produced molded products are determined by the following 
tests* 

1. Heat Resistant Property (KDT heat distortion 
temperature) a 

The test was conducted in accordance with the ASTM 
0-648 method while applying with a loading of 66 pel. 

2. Water Absorption i 
In accordance with the ASTM p-570 method, each 

36 
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molded product was immersed In water at 23 *C for 24 hours 
and the water absorption thereof was determined, 
3. Determination of Double Refraction* 

Each molded disc was rotated and the birefringence 
5 at various points were measured using an automatic 
ellipsocnater. The used light source was a Ke-Ne laser 
having a wavelength of 632.8 nm. Double -pas a data are shown 
as the measured values. The birefringence is the average 
value of the absolute values of retardation. 
10 4. Shrinkage by Polymerization x 

Shrinkage was calculated by comparing the density 
of the polymerized composition. 
5. Surface Hardness i 

The surface hardness was determined by the Bacol 
15 Hard Method. 

6 - Resistance to Solvents 

Each sample was immersed in acetone and methylene 
chloride, and change on the surface was visually observed. 

O not changed X changed 

20 7. i*od Impact Value i 

Each specimen was cut to form a V-notch, and 
subjected to the test in accordance with ASTM D-256 method. 
8 . Transparency i 

• The transparency of each specimen was determined 
25 using a light having a wavelength of 780 nm. 

Example 1 
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21.2 parts (parts by weighty *parf stands for 
*part by weight* throughout the following description) of 
dieuLlylldenopcntaerythritol was dissolved in 21-6 

parte of pentaexythritol tetrathioglycolate (B-l), followed 
5 by agitating at SO'c for 30 minutes. 40 parts of 

trimethylolpropana triacrylata and 0.4g of benrophenone ware 
added to prepare a composition. The composition was east in 
a glass mold and then Irradiated for about 100 seconds with 
ultraviolet rays emitted from 3 JOT metal halide lamps each 
XO being disposed at * distance of 15 cm from each side of the 
mold to polymerize the cast composition, a colorless and 
transparent molded product was obtained. 

******* 2 

The procedures as described in Example 1 were 
15 repeated except that 80 parts of N r N ■ r N* — tris ( aery loy 1- 
methyl^NtN'N'-trls (method (C-l-1) was 

further added to the composition to obtain a colorless and 
transparent molded product • 

20 21.2 parts of dlAllylidenepentaerythritol (A-l) 

was dissolved in 20.5 parts of 1*1, l~tr line thylolpropane 
trithioglycolate (B-2), followed by agitating at 50-C for 30 
minutes. A composition was prepared by further adding with 
40 parts of pentaerythritol acrylate, 40.2 parts of 

25 N r M , N f , N ' # N" , N" -fcexakis ( 2-acryl*yle thoxyme thy 1 ) melamine 
CC-1-2) and 0.15 parts of affobislsobutylonitrile. The 

38 
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composition was cast into the same glass mold as used in 
Example 1. The mold was Immersed In a vara water bath 
maintained at 70*C for 30 minutes, and then the temperature 
of the warm water bath, was raised to 90*C at a temperature 
5 increase rate of 10"C per an hour. The content in the mold 
was allowed to stand at 90 "C for 3 hours, and then allowed 
to stand at 120*C for 2 hours by transferring the mold into 
a high temperature bath maintained at 120 # C to complete 
polymerization , whereby a colorless and transparent molded 
10 product was obtained* 

Example 4 

Generally following to the procedures as described 
in Example 3, a composition was prepared except that 29 • 4 
parts of dialljrlidene-2 ,2,6, 6-te trarathylalcyclohexanone 

15 <&-2) was used in place of diallylidenepentaerythritol (A-l) 
and that 0.10 part of benzoin propyl ether was used in palce 
of asobisisobutylonitrile. The subsequent procedures were 
the same as described in Example 1 to obtain a colorless and 
transparent molded product. 

20 Comparative Example 1 

0*1 part of benzoin isopropyl ether was added to 
100 parts of N,H.N' ,N f ,H" t N*-hexakiB(2-acryloyl- 
ethoxpnetbyUmelamine (C-l-2), and the thus prepared 
composition was processed similarly as in Example 1 to 

25 obtain a colorless and transparent molded product. 

Compare t 4 w PM-p*^ 9 

39 
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The procedures as described in Example 3 were 
repeated except that 1,1, 1-trimethylolpropene 
trithioglyeolate (B-2) used in Example 3 was not used in 
this comparative Example, whereby a transparent molded 

5 product was obtained. 

Comparative Example 3 
An injection molded product was prepared by using 
a PMMA resin (produced by Kyowa Gas Xagaku Kogyo). 

i?fimpary *- <wa E xample 4 

10 An injection molded product was prepared by using 

a polycarbonate resin [produced by Teijin Kasei) . 

Comparative atampls S 
4 parts of ZPP (diisopropyl peroxydicarbonate ) was 
added to 96 parts of CK-39 ( dietbyleneglyeol bis-allyi. 

15 carbonate) monomer (produced by PPG. industry corp.) to 
prepare a composition whixSh was cast in the seme mold as 
used in Example 1 and maintained at 38*C for 15 hours. The 
temperature was raised to 60*C over a period of 3 hours, and 
then the content in the mold was maintained et 60'C for 2 

20 nours. The content in the mold was cooled to the room 

temperature over a period of 2 hours, and then subjected to 
annealing at 115'C for an hour to obtain a colorless and 
transparent molded product. 

• The properties of the products of Examples 1 to 4 

25 and Comparative Examples 1 to 5 are set forth in Table 1. 



40 
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A molded product, which Is low 1a double 
refraction and small la water absorption, la molded from the 
combination of the acetal compound (Compound A.) and the 
mercapto confound (Compound B). The heat resistance and the 
5 surface hardness of the molded product can be improved by 
the addition of a compound having triazine ring. 

The materials of the Invention are well-balanced 
in their heat resistances 0 optical properties and surface 
h a r dn e sses when compared to the conventional PMMA resin. 
10 polycarbonate resin and CR-3? resin. 

The systems added with bisphenole as the Component 
C wefce; tested. The blspheaols used in the following 
Examples are represented by the formulae of * 



CH3 

CH 2 -CH- C-0-@- C-^^O-C-CH-CHe (c-2^1) 
i CH3 



15 



CH2-CH -C -0-@- S -@-0-C -CH= CH2 (C-2-2 ) 



CH3 

CH><H~CiO-CH2-CH2)zO<&C ^OiCHzCHzQzC-CH^CHz (C ~ 2 ~ 3) 
6 CH3 6 
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CH2= CH - C - 0-CH2 




C 2 H 5 

■ C- CH- CH2 



(C-2-4) 



o 




(C-2-5) 



Example 5 

21*2 parts of diallylideneptfntaerythritol (A-l) 



10 



van dissolved In 21*6 parts of pentaerythritol 
tetrathioglycolate (B-1J, followed by agitating at 50 *C for 
30 minutes to prepare a Composition A* 40 parts of 
trimethylolpropane triacrylate was added with 0*1 part of 
bvensoin isopropyl ether and 40 parts of (c-2-1), and heated 
at 60 # C to dissolve the components uniformly and then cooled 
to the room temperature. The Composition k was added to the 
second composition and agitated until a uniform admixed 
composition was formed* The admixed composition was cured 
similarly as in Example 1 to obtain a colorless and 
transparent molded product. 



In Examples 6, 7 and 8 # (C-2-2), (C-2-3) and 
(C-2-4) were used in place of (C-2-1) used in Example 5 to 



Examples 6 to 8 
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obtain molded products respectively • 

Comparative Example 6 
Generally following to Example 5 except that 40 
parte of (C-2-5) was used in place of (C-2-1), a colorless 
5 and transparent molded product was prepared. 

Comparative Example 7 
50 parts of (C-2-1) was added with 0.1 part of 
benzoin isopropyl ether and further added with 50 parts of 
triroethylolpropane triacrylate, and the mixture was 
10 dissolved uniformly at 60*C The following procedures were 
similar to Example 1 to obtain a molded product* 

The properties of the molded products prepared by 
Examples 5 to 6 end Comparative Examples 6 and 7 are set 
forth in Table 2 together with the data of Example 1 end 
15 comparative Examples 3 to 5. 
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The heat resistances of the molded products are 
Improved by the addition, of blaphanols, end the products 
have the propertied superior over those of the conventional 
PKMA and polycarbonate re sin. 
5 The systems added with derivatives of laocyanurlc 

acid as the Component C were tea ted. The compound© used In 
the following Racamples are represented by the formulae of* 



? 



ChfeCH 2 0-C-CH-CH 2 



YV 



(C-3-1) 



o O . - 



CH2CH2-O -C -C-CH - CH2 
JyNs^O ^3 (C-3-2) 



C; i? CH - CO - CHaCHg^^^CHzChte 0-C-CH«CH 2 

6 o 

10 O A^V ^C " 3 ' 3, 

Ofe-CH-6-ChteCH 2 A CH 2 CH-CH 2 
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CH2-CH-CH2 
OyN^O (C-3-4) 

Ofe-CH-CH/ § CH 2 -CH-CH2 

Example 9 

21.2 parts of diallylidenepentaerythritol (A-l) 
was dissolved in 21.6 parts of pentaerythritol 
5 tetrathioglyeolate (B-l), followed by agitating at 50*C for 
30 minutes. 40 parte of (C-3-1) was mixed with 0.2 part of 
benzophenone, and the mixture was added to the mixture of 
the compound (A-l) and (B-i) and agitated until a uniform 
admixture was formed. The admixture wae cured similarly as 
10 in Example 1 to obtain a colorless and transparent molded 
product . 

Les 10 and 11 



In Examples 10 and 11, (C-3-2) and (C-3-3) were 
used in place of (C-3-1) used in Example 9. 

15 oomparat *"" « iple 8 

10.6 parts of diallylidenepantaerythritol (A-l) 
and 8.3 parts of the compound represented by the formula 
(C-3-4) were dissolved in 21.6 parte of pentaerythritol 
tetrathioglycolate (B-l), followed by agitating at 50*C for 

20 30 minutes, and then added with 40 parts of 

trlmathylolpropana triaerylate and o.l parts of benzoin 
ethyl ether. The admixture was agitated until a uniform 
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composition was formed* 

The following procedure* were similar to Example 1 
to obtain a colorless and transparent molded product. 

Comparative Example 9 
5 100 parts of the compound represented by the 

formula (C-3-1) gas added with 0.1 part of benzoin ethyl 
ether, and the thus prepared compoBitian was processed 
similarly as in Example 1 to obtain a colorless and 
transparent molded product. 
0 The Properties of the molded products prepared by 

Examples 9 to 11 and comparative Examples 0 and 9 are set 
forth in Table 3 together with the data of Example 1 and 
•Comparative Examples 3 to S# 
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The following ere the results of the systems each 

containing a fourth component (Component D). The Component 

D is used to improve the releas ©ability of the molded 

product from the mold. 
5 The following compounds were used aa the component 

D. 

Silicone Oil Modified with Mercapto Group {D-l) 
(X-22-980 produced by The Shin-etSU 
Chemical Industry Co., Ltd.) 
10 2-Ethylhexyl Thioglycolate (»-?) 

O 
I 

CHjO-C-CH=CH 2 
C e H l7 C-0-CH 2 -C-CH 2 OH < D ~ 3 ) 

° CH 2 0-C-CH-CH 2 
O 

Neopentylglycol Diacrylate (D-4) 

12 



25 parts Of d±allylidene-2 , 2-6 , 6-tatramethylol- 
15 eyclohexanone was dissolved in a mixture containing 25 parte 
of 1,1. 1-trimethylolpropane tri( -mercapto )propionate and 
30 parts of 1,1, i-trimethylolpropane triacrylate, and added 
with 0.4 part of bensophenone. Separately, 60 parte of 
2 , 2 -bis ( 4-( 2-acryloylethyloxy )phenyl ) propane vas added with 
20 1.0 part of a silicone oil modified with mercapto group 
(D-l)r a™* agitated at 50 "C for 15 minutes. The former 
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mixture was added with the latter mixture, and mixed and 
agitated sufficiently. A molded product was formed from 
the thus prepared composition similar to Example 1. 

Example 13 

5 A first mixture was prepared by mixing, under 

sufficient agitation, 30 parts of diallylidenepenta- 
erythritol. 30 parte of glycerin tetrathloglycolate, 60 
parts of ethyleneglycol diacrylate and 0.20 part of 
azobisiaobutylonitrile. Separately * a second mixture was 

10 prepared by adding 2.5 parts of 2~ethylhexyl thioglycolate 
(13-2) to 80 parts of tri(2-acryloylethyloxy)isocyanurate. 
The first and second mixtures were ndmlTrwrt with each other 
and agitated vigorously at 45*C for 20 minutes . The thus 
prepared composition was cast into a glass mold, maintained 

15 at 70 # C for 30 minutes, and then the temperature was raised 
to 90 *C at a temperature increase rate of 10 P C per an hour 
and maintained at 90"C for additional 3 hours,. Thereafter, 
the composition was cured at 120 9 C for 2 hours. 

Example 14 

20 A uniform mixture was prepared by adding 21 parts 

of 1,1, X- trims thylolpropane tri thioglycolate to 21.2 parts 
of diallylidenepentaerythrltol, followed by agitating at 
50 *C for 30 minutes. The mixture was then added with 1 part 
Of the compound represented by the formula (D-3). 20 parts 

25 of NjNpN 1 ,N* ,N%N"-hexaJas(2-acryloyl*tho 

and 40 parts of trimethylolpropane triacrylate were mixed 
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together and added to the former-mentioned mixture. The 
admixture was agitated until a uniform composition was 
formed. A transparent molded product was prepared from the 
compos lit ion, similarly aw in Example 2. 
5 comparative Exampl es 10 to 12 

In Comparative Examples 10, 11 and 12, molded 

t 

products were formed from the compositions, respectively, 
having similar composition* as used in Examples 12 to 14 
except that the Components D were not contained . 

10 comparative Example 13 

Generally similar to Example 14. except that 1 
part of (D-4) was used in place of (D~3) used in Example 14. 
a colorless and transparent molded product was obtained*' 
The releasing properties of the molded products 

15 prepared by Examples 12 to 14 and Comparative Examples 10 to 
13 are set forth in Table 4. 

The releasing property mean* the condition for 
releasing when each molded product is initially contained in 
water maintained at 60*C and then thrown into water 

20 maintained at 25 In the Table, the mark a i nd i c ates 

that the molded product has satisfactory releasing property, 
the mark A indicates that the molded product is hardly 
separated from the mold, and the mark x indicates that 
extreme difficulty is encountered for the removal of molded 

25 product* 
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Comparative Examples 
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14 


10 


11 12 13 


Releasing 
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5 Property 













Whan the molded products prepared in accordance 
with the present invention are used as the substrate* for 
photo-memory discs* the adhesiveness thereof to the 
recording media is an important factor* Accordingly, 
lp embodiments provided with intermediate layers will now be 
described* 

Example IS 

The molded product prepared by Example 1 was 
contained in a vacuum deposition apparatus, and the 

IS container was evacuated for 3 hours until the environment in 
the container reached 2 x 10~ 6 Torr. The temperate in the 
container was maintained at SO'C. Aluminium oxide (Al^O^ ) 
was deposited, while introducing oxygen gas at a pressure of 
10 Torr, at a deposition rate of 200 A/rain until a 2000 A 

20 thick coating was formed. A 5000 A thick aluminium layer 
was than formed on the aluminium oxide layer by vacuum 
deposition § and then covered with a protection layer made of 
an epoxy resin. 

* 

53 



PAGE 99/105 * RCVD AT 9/21/2004 8:07:23 PM [Eastern Daylight Time] * SVR:USPT0-€FXRF-1f1 * DNlS:8729306 * CSID:9497372900 * DURATION (mm-ss):25-02 



09/21/2004 17:30 FAX 9497372900 



0 ' MELVENY&MYERS LLP IR01 



@ 100/105 



0243501 



Example 16 
Generally following to the procedures as In 
Example 15, a disc «w produced using the molded product 
prepared by Example 3, 
5 Example 17 

Generally following to the procedures as In 
Example 19 r a disc was produced using the molded product 
prepared by Example 5. 

Example 18 

10 Generally following to the procedures as In 

Example 15, a disc was produced using the molded product 
prepared by Example 9. 

Example 19 

The molded product prepared by Example 1 was 
15 contained In a DC magnetron sputtering apparatus, and the 

container was evacuated for 3 hours until the environment In 
the container reached 5 x 10~* Torr. An aluminium oxide 
layer was formed on the target molded product while 
Introducing argon gas at a pressure of 1.5 x lo" 3 Torr and 
20 maintaining the distance between the target and the source 
was maintained at 15 cm. A 1900 A thick layer was formed at 
a deposition rate of 200 A/mln* Then, a 2100 A thick 
zirconium oxide layer was formed on the aluminium oxide 
layer at a deposition rate of 300 A/min. A 5000 A thick 
25 aluminium layer was formed on the zirconium oxide layer, and 
then covered with an epoxy resin coating. 
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Comparative Example 14 
The aluminium oxide layer as described in Example 
15 was omitted and an aluminium layer was formed directly on 
the substrate, 
5 Comparative Examples 13 to 17 

Generally following to Example 15 except that a 
layer of Zr0 2 , Ti£> 2 and SiOj were formed in place of the 
M^0 3 layer to obtain samples of Comparative Examples 15, 16 
and 17. 

10 Comparative Example 18 

Generally following to the procedures as described 
in Example 19. the aluminium oxide layer and the zirconium 
oxide layer were applied in the reverse order. 

The discs prepared by Examples 15 to 19 and 
15 Comparative Examples 14 to 16 were subjected to test to 
learn the adhesivenesses or integrities thereof. 
The test was conducted as follows. 
The surface of the epoxy resin protection layer 
was cut by a knife to form 100 gratings each having a size 
20 of 1 mm square P and the thus cut surface was applied 

intimately with a cellophane base adhesive tape (produced by 
. Nicbiban Co. v Ltd.)- The tape was then peeled off abruptly 
at a peeling angle of 90 degrees. The number of the 
gratings which were not peeled off from the substrate was 
25 counted. She number of the gratings left on the substrate 
is shown in the following Table. 
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Meantime r the multi-layered structures ore shown 

in Fig. 4, 

The results of peeling tests are shown in Table 5. 

Table 5 



Examples of the 


Invention 


comparative Examples 


15 


16 17 


18 19 


14 15 16 17 18 


Adfaesi- g0 


100 96 


92 100 


20 52 41 48 62 


venose 









The composition of this Invention can be cast in a 
10 glass mold and then cured by irradiation with ultraviolet 
rays or by heating, and also can be molded using the mold 
shown in Fig. 1 and the molding apparatus shown in Fig. 3. 

Disc substrates may be produced successively by 
employing the method as will be described hereinbelov* 
15 Example 20 

The composition as used in Example 1 was prepared r 
and disc substrates were molded while using the apparatus 
shown in Fig* 3. 

The mold shown in Fig. 1 was cloned and evacuated 
20 until the pressure in the cavity 4 reached 1Q -1 Torr. The 
width of the cavity 4 was 1.3 xxn. The composition prepared 
in accordance with Example 1 was cast in the evacuated 
cavity through a meterical pump at a pressure of 5 leg/cm 2 . 
Using a xenon lamp, the composition was 9 Irradiated with 
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ultraviolet rays through the quarz glass plates 5a and 5b of 
the window 5 of the mold l over a period of 100 seconds . 
The lights emitted from the xenon lamp were collected using 
a reflection plate. During the step of irradiating with 
5 ultraviolet rays, the mold 1 was cooled by flowing cooling 
water maintained at 30*C« The disc having an outer diameter 
of 120 ram and a thickness of 1,2 ran was then removed from 
the mold 1* The operation sequence could be repeated 
continuously* 
10 Example 21 

A disc was molded similarly as in Example 20, 
except that the composition prepared by Example 9 was used. 

Example 22 

Similar operation sequences were repeated except 

15 that the content in the mold is pressed at a pressure of 6 
2 

kg/cm by means of the damping mechanism disposed beneath 
the mold during the step of irradiating with ultraviolet 
rays . 

Example 23 

20 using the composition prepared in Example 13, a 

disc was molded generally following to the procedures as 
described in Example 22. 

Comparative Examples 19 and 20 
The molding processes as described, in Examples 1 
25 and 2 are compared with the continuous processes , as 
comparative Examples 19 and 20. 
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The molding cycle and the possibility of 
eopt inuou fl operation, as to Examples 20 to 23 and Compart ive 
Examples 19 and 20, are tabulated in Table 6. 

Me an time « the molding cycle means the time 
5 required for molding one sheet of disc. 

Table 6 





Birefri- 


Holding ■ 


possibility 






ngence 


Cycle 


of Continuous 


Remarks 




(nm) 


(sec) 


Operation 




Example 20 


3 to 5 


120 


Yea 




Example 21 


e 


120 


Yes 




Example 22 


6 


120 


Yes 




Example 23 


3 


120 


Yea 












Cured by 


Comparative 


3 


120 


No 


Exposing 


Example 19 








to Light 
Example 1 


Comparative 








Cured by 


Example 20 


S 


7.5 hours 


No 


Beating 



20 Example 2 
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Claijn_ 

!• A curable composition, comprising! 

a compound having at least two unsaturated 
cyoloacetal groups per one molecule; and 

.a compound having at least two mercapto groups per 
one melecule. 

2. The curable composition according to claim 1, 

wherein each of the cycloaeetel groups of said compound 
having at least two unsaturated cyclo&oetal groups stands 
for either one of i 



O-CH- 

5 unsaturated dioxane type* CH-«CH-CH x ^ . or 

0-CH 2 

unsaturated dioxolane types CH--CH-CH I . 

2 I 

O-CH- 

and wherein said compound having at least two marcapto 
groups is an aliphatic polymarcaptan or an aromatic 
polymercaptan . 

3» The curable composition according to claim 1 

comprising a compound having at least two unsaturated 
cycloacetal groups per one molecule and a compound having at 
least two mercapto groups per one meleculc, and further 
5 added with a silicon-containing compound hairing at least one 
mercapto group per one molecule and/or a carboxilic ester 
which is a reaction product of a carbaxlllc acid having at 
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least one me reap to group per one molecule end a 
straight-chain or side-chain alcohol having four or more 
10 carbon atoms. 



comprising a compound having at least two unsaturated 
cycloacetal. groups per one molecule and a compound having at 
leas t two mercapto groups per one melecule, and further 
5 added with a compound having at least two acryloyl and/or 
methaeryloyl groups per one molecule and having not lea* 
than 8 to 17 carbon atoms, or a substituted product thereof 
having a substituting halogen atom. 

5. A curable composition, comprising* 

a compound having at least two unsaturated 
cycloacetal. groups per one molecule i 

a compound having at least two mercapto groups per 
5 one moleculei and 

a compound having at least two reactive 
unsaturated bonds per one molecule. 

6. The curable composition according to claim 5, 
wherein each of the cycloacetal groups of said compound 
having at least two unsaturated cycloacetal groups st and s 
for either one of* 



4. 



The curable composition according to claim 1 



O-CH 



2 



5 




or 
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0-CH 2 

unsaturated dioxolane type, CH 2 -CH-CJi 7 | 

7. Th« curable composition according to claim 5, 

wherein said compound having at least two meroapto groups is 
an aliphatic polymarcaptan or an aromatic polymercapten. 
B. The curable composition according to claim 5, 

-herein said compound having at least two reactive 
unsaturated bonds is a bisphenol having at least two 
acxyloyl or methaerylbyl groups per one molecule. 

9. The curable composition according to claim 3, 
wherein said compound having at least two reactive 
unsaturated bonda is a compound having at least two actyloyl 
or methaeryioyl groups per one molecule and having a 
triasine ring. 

10. The curable composition according to claim 5. 
wherein said compound having at least two reactive 
unsaturated bonds is a derivative of isocyanuric acid having 
at least two acryloyl or methaeryioyl groups par one 
molecule. 

U. The curable composition according to claim 5, 

wherein said compound having at least two reactive 
unsaturated bonds is a compound having at least one vinyl 
gzoup, allyl group, acryloyl group or methaeryioyl group. 
12. The curable composition according to claim 5 

comprising t 
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a compound having atx least; two unsaturated 
cycloacetal groups pejr one molecule ; 
5 a compound having at least two mercapto groups per 

one molecule; 

a compound having at least two reactive 
unsaturated bonds per one molecule; and 

further added with a silicon-containing compound 
10 having at least one mercapto group per one molecule and/or 
a carboxilic ester which is a reaction product of a 
carboxilic acid having at least one mercapto group per one 
molecule and a straight -chain or side-chain alcohol having 
four or more carbon atoms. 

13* The curable composition accoridng to claim 5 

comprising: 

a compound having at least two unsaturated 
cycloacetal groups per one molecule? 

5 a compound having at least two mercapto groups per 

one molecule; 

a compound having at least two reactive 
unsaturated bonds; and 

further added with a compound having at least two 
.0 acryioyl and/or methacryloyl groups per one molecule and 
having B to 17 carbon atoms , or a substituted product 
thereof having a substituting halogen atom. 
14. A transparent substrate comprising an al umini um 

oxide layer formed on a molded body which is prepared by 
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curing a composition including! 

a compound having at least two unsaturated 
5 eycloacetel groups per one molecule, and 

a compbund having at least two marcapto groups per 
one melacule. 

IS. A transparent substrate comprising an aluminium 

oside layer formed on a molded body which is prepared by 
curing a composition including! 

a compound having at least two unsaturated 
5 cycloacetal groups per one molecule, and 

a compound having at least two moreapto groups per 
one molecule, and further added with a compound having at 
least two acryloyl and/or methacryioyl groups per one 
molecule. 

16- The transparent substrate according to claim 15. 

wherein said compound having at least two acryloyl and/or' 
methacryioyl groups par one molecule is selected from the 
group consisting gf biaphenole. compounds having triasine 
5 rings and derivatives of isoeyaaurle acid. 

17. A reaction injection molding process comprising 
the steps of injecting a curable ccmpositicn iato a mold 
made of a material which transmits a high energy beam, and 
irradiating said composition with a high energy beam through 

5 said mold. 

18. The reaction injection molding process according 
to claim 17. wherein said high energy beam is an ultraviolet 
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ray* 

19. The reaction Injection molding process according 
to claim 17, wherein said molii hae a window portion 
ext endin g from the outside of the mold to the cavity In the 
mold and made of a material which transmits a high energy 

5 beam, and wherein the cavity In said mold la evacuated, 
followed by Injection of the curable composition into said 
cavity, and then the Injected composition la irradiated with 
a high energy beam through said window portion from the 
outside of said mold to be cured thereby* 

20. The reaction injection molding process according 
to claim 17 Or 19, wherein said curable resin includes! 

a compound having at least two unsaturated 
cycloacetal groups pax- one molecule? 
5 a compound having at least two mercapto group* per 

one meleculey and 

a compound having at least two reactive 
unsaturated bonds per one molecule. 

21- The reaction injection molding process according 

to claim 19, wherein a portion of said mold is moved to 
contract said cavity during the step of irradiating with 
said high eneregy beam. 
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